Introduction
Breast-conserving surgery (BCS) is a standard surgical treatment for early-stage breast cancer patients. The National Surgical Adjuvant Breast and Bowel Project B06 and the Milan study demonstrated that patients undergoing BCS with radiotherapy exhibited survival rates equivalent to those undergoing mastectomy. [1] [2] [3] A major concern for women receiving BCS is the risk of local recurrence. Risk factors of local recurrence after BCS include younger age, HER2-positive disease, and inadequate surgical margins. [4] [5] [6] [7] [8] [9] [10] [11] Among these risk factors, the margin status is most important and the only factor that surgeons can control.
To obtain negative margins, wide local excision with a rim of macroscopically normal tissue around the tumor is necessary. However, 20%-40% of patients have positive margins and require a second surgery for reexcision. 12 Therefore, numerous approaches have been suggested to improve BCS and reduce the margin-positivity rate. 13 Frozen-section analysis (FSA) is one of the most useful methods. 14, 15 We have reported that the rate of second surgery for reexcision was only 3.5% after BCS when FSA was used.
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Pan et al mastectomy is required in these patients to achieve negative surgical margins. If the surgeon can predict the likelihood of a patient having a positive initial margin, a different surgical approach can be determined preoperatively to reduce operation time and medical costs. 17, 18 In this study, we aimed to develop a nomogram to predict the risk of positive initial margins during BCS. This nomogram will be informative for clinical decision-making.
Methods Patients
We searched the database and deidentified eligible breast cancer patients from the south and north branches of Sun Yat-sen Memorial Hospital. Inclusion criteria were having undergone BCS between January 2003 and December 2014, patients that converted to mastectomy due to positive margins after the first BCS attempt had been included, received an FSA assessment of six to eight margins around the residual cavity intraoperatively, critical information was available, and patients with pure ductal carcinoma in situ (DCIS) and invasive cancer. Exclusion criteria were metastatic, de novo, and stage IV patients and phyllodes tumors of the breast.
For eligible patients, clinicopathological features collected were preoperative tumor size (ultrasound/physical examinations), tumor laterality, preoperative nodal status, suspicion of multifocality (assessed on radiography), initial margin status (collected from the pathology report of the intraoperative FSA), presence of DCIS on needle biopsy, histological type, age, hormone receptor (HR) status, HER2 status, and neoadjuvant chemotherapy (NAC). Preoperative nodal status was assessed using clinical, radiological, and pathological examinations to determine whether a biopsy was required. Suspicion of multifocality was defined as the presence of two or more tumor foci within the same quadrant of the ipsilateral breast assessed using radiography. This study was reported based on the STARD guidelines. 19 Operation and pathology BCS and margin assessment were conducted as previously described. 20 Briefly, we removed a 1 cm rim of macroscopically normal tissue around the tumor during BCS to ensure the grossly negative margin. The resection was expanded downward to the pectoralis major fascia and up to the subdermal plane of the skin. After removing the tumor-containing specimen, six to eight cavity margins were systematically collected around the residual cavity and submitted for pathological evaluation. Each of the submitted initial margins was transferred into one block, and two slides were examined in the intraoperative FSA. A margin with components of invasive carcinoma or DCIS intraoperatively was defined as an initial positive margin. Additional excision was performed when one or more initial positive margins was reported. Wider excisions were made on the corresponding sites where the cavity margins were positive until negative margins were ultimately obtained. The decision to perform intraoperative reexcision and collect a new margin for FSA or to convert to mastectomy was determined by the surgeons based on their personal judgment and patients' preferences (collected before surgery). All margins underwent formalinfixed and paraffin-embedded pathological examinations postoperatively. HR positivity was defined as ER positivity or PR positivity, defined as any proportion above zero of positive tumor cells with nuclear staining. We used HercepTest to determine HER2 status. 21 HER2 was positive if a score $3 was obtained by immunohistochemistry or a score $2 with HER2 amplification was obtained via fluorescence in situ hybridization. HercepTest scores of 0 and 1 (or 2 without HER2 amplification via fluorescence in situ hybridization) were considered HER2-negative.
statistical analysis
A descriptive analysis of baseline clinicopathological features was conducted. Continuous variables were reported using medians and ranges, and categorical variables were reported as percentages. Since only a few patients with impalpable masses had been treated at our institution, we categorized these patients into the preoperative size #2 cm category. If the patient had undergone excision biopsy, preoperative tumor size was reported as unknown. We used univariate logistic regression analysis to screen for predictors of positive margins. Significant predictors were included in the multivariate logistic regression analysis. Significant predictors from the multivariate analysis were included in nomogram development. We used receiver-operating characteristic curves and calibration plots with the HosmerLemeshow goodness-of-fit test to assess the discriminative power and accuracy of the model, respectively. Patients from the south and north branches were considered the training and validation cohorts, respectively. P,0.05 was considered significant. Data analyses were performed with Stata version 13.1 (StataCorp LP, College Station, TX, USA), and R version 2.11.1 (R Project for Statistical Computing, Vienna, Austria) was used to build the nomogram.
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Results
Totals of 1,193 and 499 eligible patients were included in the training and validation cohorts, respectively. Clinicopathological data are presented in Table 1 . At least one initial positive margin was present in 19.4% and 25.5% of the patients in the training and validation cohorts, respectively. Differences in clinicopathological features between cohorts were observed for preoperative size (P=0.001), preoperative lymph-node status (P=0.007), NAC (P=0.016), presence of DCIS in the core needle biopsy (P,0.001), and initial margin status (P=0.008).
The median age of the entire study population was 47.9 (range A nomogram was developed using the significant predictors ( Figure 1) . Area under the curve (AUC) values were 0.72 (95% CI 0.68-0.76) and 0.69 (95% CI 0.64-0.75) in the training and validation cohorts, respectively ( Figure 2 ). In addition, Youden's index was 0.38, and the cutoff value that achieved this maximum was 40 points. Calibration plots revealed that predictive probability was consistent with actual probability in both the training cohort (Hosmer-Lemeshow goodness of fit, χ 2 =3.73, P=0.810) and the validation cohort (Hosmer-Lemeshow goodness of fit, χ 2 =13.54, P=0.06) (Figure 3 ). For patients with NAC, AUC values were 0.81 (95% CI 0.74-0.90) and 0.75 (95% CI 0.63-0.87) in the training and validation cohorts, respectively, and predictive probability was consistent with actual probability in the training cohort (Hosmer-Lemeshow goodness of fit, χ 2 =11.17, P=0.193) and the validation cohort (Hosmer-Lemeshow goodness of fit, χ 2 =6.07, P=0.639) (data not shown).
Discussion
After BCS, a second operation for reexcision is common if surgical margins are positive after surgery. In the US, where FSA is not routinely performed, approximately 37.9% of examined patients receive reexcision after BCS. 22 The American Society of Breast Surgeons proposed a "toolbox" to decrease the reexcision rate. The toolbox consisted of nine recommendations (eg, compliance with Society of Surgical Oncology-American Society for Radiation Oncology guidelines, use of oncoplastic surgery, and intraoperative specimen imaging). 23 With the use of these tools, the rate of second surgery was reduced to 21%, according to a recent survey by the American Society of Breast Surgeons. 24 Among these tools, intraoperative FSA is one of the most popular methods and 
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Pan et al has been used in many institutions. A meta-analysis showed that FSA had greater accuracy than ultrasound assessment, specimen radiography, and optical spectroscopy. 25 However, our studies have revealed a 15%-25% rate of initial margin positivity during intraoperative FSA. 16, 26, 27 These patients typically require intraoperative reexcision, with another waiting period for the second FSA of the new margin. Therefore, we developed a nomogram with preoperatively available variables as predictors to estimate the risk of initial margin positivity.
The clinical utility of this nomogram depends on the initial margin positivity rate that is acceptable to both the surgeons and the patients. In our institution, we routinely perform FSA for all BCS patients. The current second-surgery rate due to false-negative FSA results is approximately 3.5% in our institution. To reduce waiting time and medical costs, we are 12, [28] [29] [30] to predict the probability of positive margins (Table 3) . Our nomogram differs from previous models. First, our study 
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Pan et al population included patients with NAC, who were excluded in previous studies. [28] [29] [30] NAC has the potential to shrink the tumor and increase the possibility of breast conservation. 31, 32 Because NAC may shrink the tumor in a mosaic/honeycomb pattern, 33 margin assessment may be challenging in these patients. Our study, together with our previous report, demonstrated that patients with NAC exhibited a significantly increased margin-positivity rate. 27 In our study, 123 (10.3%) and 72 (14.4%) patients received NAC in the training and validation cohorts, respectively. The subgroup analysis revealed that the new nomogram was also effective for patients with NAC. Second, during BCS, we assessed only the cavity margin and not the lumpectomy (resection) margins reported by National Surgical Adjuvant Breast and Bowel Project B06. 34 Our study and others revealed potential discrepancies between the cavity-and lumpectomy-margin statuses. 27, 35 Given that cavity-margin status is more prognostic than lumpectomy-margin status, 27,35 a model must be developed to predict the former.
Third, previous models included the presence of DCIS as an important predictor. [28] [29] [30] However, the presence of DCIS determined by core needle biopsy may not be reliable. Studies have demonstrated that the false-negative rate of DCIS detection by core needle biopsy (defined as absence of DCIS in the core needle biopsy and presence of DCIS in the final pathological examination) ranges between 36% and 54%. 36, 37 Pleijhuis et al used DCIS status from the final pathological examination as a predictor, rather than the biopsy pathological examination. 28 In a study to validate their model, Alves-Ribeiro et al reported that only 166 (68.9%) 
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initial margin prediction in breast-conserving surgery of the 241 patients classified by core needle biopsy had a congruent preoperative evaluation of the presence of DCIS. 38 Additionally, preoperative predictors were more valuable than postoperative variables in predicting initial margin status. These findings implied that this variable was not relatively reliable when used in the predicted model. In our study, we did not identify an association between the presence of DCIS in the core needle biopsy and positive margins. Therefore, this variable was not included as a predictor. Fourth, Shin et al developed a model with a relatively high AUC (0.823, 95% CI 0.785-0.862). 30 However, whether their nomogram can be externally validated in other populations is unknown. In addition, the difference in size based on magnetic resonance imaging (MRI) and ultrasound is included as a predictor. However, MRI is not a routine examination for patients without NAC according to the National Comprehensive Cancer Network guidelines, which reduces the applicability of their model. In our study population, few patients received preoperative MRI.
Several limitations of our study should be noted. First, this was a retrospective study with inevitable bias, including the number of FSA samples and the choice of surgery by the surgeons. Second, the study population was collected from a single institution (Sun Yat-sen Memorial Hospital). Additionally, the validation was arguably only internal and not external. However, the training and validation cohorts were actually selected from two independent and different surgical teams located in different branches of the hospital. Their surgical treatment algorithms were different, but were supported by the same pathology department. Therefore, we suggest that the validation group is valid in this study. Third, mammographic breast density may add more value to prediction accuracy, but we did not have this information. Fourth, since cavity-and lumpectomy-margin statuses may not always be concordant, whether the new model can be used to predict lumpectomy-margin status is unclear. Fifth, the margin-positivity rate according to the postoperative pathological examination may be of particular clinical interest. However, because the accuracy rate of FSA is as high as 97% in our institution, using the initial margin status as the primary end point was also acceptable in this study. A prospective study is needed to confirm our model. Sixth, tumor grade and Ki67 status have been proposed as potential predictive biomarkers for margin status. Since the purpose of the nomogram is to predict margin status, only tumor grading obtained from the core needle biopsy can be used. However, in our institution, the pathologist rarely reports tumor grades based on the specimen from the core needle biopsy. The underlying reason is that the mitotic count is often underestimated, due to the limited specimen volume. Studies have also shown that the histological grade assessed from the core needle biopsy does not concur well with the grade from the surgical excision specimen (κ =0.35-0.65).
39,40
Therefore, we cannot include tumor grade as a predictor. In addition, Ki67 is a well-known prognostic factor. We tried but failed to find any association between Ki67 status and margin status in the univariate analysis. Therefore, Ki67 was not included in the nomogram. Lack of tissue volume from the core needle biopsy may be one factor that limits the interpretation of Ki67 status. Additionally, enormous variation in analytical practices markedly limits the value of Ki67. 41 Therefore, more studies are needed to investigate the role of Ki67 in predicting margin status. Furthermore, how this nomogram is applicable to other institutions in different regions or countries is unclear, and a multicentric study is needed to assess its external validity.
Conclusion
We developed a nomogram based on preoperatively available information to predict the risk of having positive initial margins during BCS. This nomogram will be useful in clinical decision-making.
